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(54) Title: NITRIDE SEMICONDUCTOR DEVICE 




(57) Abstract: A long- wavelength light-emitting device in which an active multilayer constituted 
of a quantum -well layer and a barrier layer is provided between an n-type nitride semiconductor 
layer and a p-type nitride semiconductor layer, the quantum-well layer is made of In x GaL x N 
(where 0<x<1), and the emission peak wavelength lies in a range of 450-540 nm is characterized 
in that the number of layers of the active multilayer ranges from 9 to 13, and three or less of the 
first layer from the n-type nitride semiconductor layer and in contact with it to the third layer 
contain n-type impurity selected from the group consisting of Si, Ge, and Sn at a concentration 
of 5xl0 ,6 -2xl0 ,8 /cm 3 , thereby decreasing the drive voltage of the light-emitting device having a 
quantum-well structure, and improving the luminous output. 
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20 fit I n G a N/ I n G a NJ&V^fit I n G a N/A 1 G a N (Dj&?*&fr&&&&iX 
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25 zN«& U 0 < z < 1 )/"GaN^jSXfiiAlwGal-wN / /GaN(j0. U 0 < w < 1 ) jffiJiJ&» 

J9^3$S 7 0 AJ^TT", ±SESt4SO|8SE®JgInyGal-yN(ffil U 0 ^ y < 1 X\ y < 
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#369I£*5V^-t % StWB^IftJIIfftt, «f»dSS*H<cv^s, #Fii<tl§H£®tf> 

WJi *^fcJBO^W-®0a¥-Cife «3 , 0U*.Ji*#:tofcMi 5 0 0~5 000t^ 
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A 10. 2GaO. 8Nct "9 &<5|?3 (DWit^O^rM-i^M^: 4 0 3~>f^ h u — J* 
<DmmX"J&&£"&, m^XlUM&8 0 OtJtel/C* TMG, TMK 7> ; E=7, 
Cp 2Mg^ffiV^Mg^5 X 1 0 19 / cm 3 K— ZfLit I n 0 . 02 Ga 0 , 98 Ni 

TwftfcOiSH^SrJftOiSU IB 3 + & 4 ^HIlT^St- 5 Jp-fofRJl U 

«J0S«fc »3ft5p§l#SJI3SE8*:3 6 5^->^^ hn-A©lM5$^:5. 

iV>T1 0 5 0tt% TMG, 7^=7, Cp2Mg^ffll/\ M g £: 1 X 
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M I „ T^-Tv S^^tf^SrfflVS i £ 5 X 1 0 1 7 /c m 3 K—^LTc I n 
0 3 G a 0 . 7 N± •9&3#FJ1£3 0^"^^^ hn-AO||)|^fi*t5, $ 
b(-T>- Y—~f<DG a Ni "9 J^SI*ffi®Sr 2 0 O^l^;* h D-ii, S i & 5 
X 1 0 1 7 /cm 3 K-^Lfc I n 0 . 3 G a 0 . 7 N <fc K> ^5»Fi?r 3 0 *^?X 

^L-Tl$Si+#F + Ptlf + #F • • • • +P$S<£> 
J1M-Cffc££-B\ r^K— ^e>*SI»«JB4:i l®> S:#)<7) 2jf itfK— 

2 IS, &J£J¥2 5 0 OJr^Sx h n-A(7)^It^Fiii ^Sgtti 7 
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"7° CO I n 0 3 G a 0 . 7 N <£ «9 &5#FJ1 £ 3 0*^?X h p - AC0)^/?-C^g £ 

^UTi^ig+#F+P$it+#F • • • ■ +(««JiiT^S£-tf, t>k- 
^•bftSPfM^eJl, *#)<diJ1cd^s i^K-^tK ^^)W4jg(iT>' 
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Sr8 0 0°C(CLT N £bf-TMG, TMI, T^e~7\ £/J§V \ S 

i^5X10 17 /cm 3 K-^Lfc I n 0 3 G a 0 7 Ni945#FS^30t 

&2 0 0^^ h n — i>» k~7> Y—~7<D I n 0 3 Ga 0 7 N i O/i^^pf^ 

<9<D9mnT> h'—z?frt>ti:zmmm& 1 iji> s^is^^s i k-^k 

12 11, ttRH3 6 5 o^-^^x hP— A©0fifi^#F*&J:t>fc3igt£Jg 
7£j£ft£-lir5 0 

^COL ED^^-fiJli^fBjmJE2 OmAUfcV^, 4 7 0 nmOfMjt^U 
Vf 3. 6V, mytmt)6. OmWWb^. 
[£lfc0!l9] 

(tsmi 7 ) 

TMG, T^^E- — 7\ ;/7^^V>S i ^5 X 1 0 17 /cm 3 K^tfc 
Ga N it) ft £ REM £2 0 0*ls?X |>p^©^|-e^$^ ttvvtfig 
^8 0 0°C('L-C, $P)|:TMG, TMK 7i^*-7SrffiV^7y K-^O I n 
0 . 3 Ga 0 . 7 Ni^j:5#Fg^3 0^hn-AClft^ftm o $ 
ibf'T^ K-^CDG a NJ: t>fc3RtSgJISr2 0 O^^* hn-A«^ 

r<DL ED^^(iHi^|^^;j!±2 OmAl^^T, 4 7 0 nm©ffei3t^U 
Vf 3. 4V, »5. 6mWtfS#b3x5 0 
C^WJl 0] 
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(^2(D7y K— -7G aNl5) 

®LK*s : 7>X*<0?* : kit#>. 1 0 5 0tf»L-Cl2©7yK- a N 
JS5&1 5 0 0^-^^'^. h n — AOJB|i^"e^S$*So 
(nl«l6) 

zkfc, iaft&8 o otu:L-c, tmg. tmk T>^--T<Hflv\ tvk— 

•^I n 0 . 03 Ga 0 . 97 NJ; 9 ft 5 ^ 2 W^fc^igftJl & 2 0^">^ ho-A 
U 12+^ 1 WIR-CXS*- 1 0S<5oSfJg U fttlCG a N«t «9&5^2<Z>g 

= >- * * he <b jgtts <t ©nm-, .Lie n mm 1 ^/iigsji 5 <t n <R>jm 2 e 

r<DLED^^{i|l|S^|p]®BE2 OmAl^jo^t, 4 7 0 n mCOW'&^it^^ U 
Vf 3. 6V, ^^tm^J6. 5mW##b*L5„ 

[Jlttftli i] 

r<^LED^^(iHi^r[p]^/±2 OmAHioV^t^ 4 7 0 n mCO#fe^gpt^r7j^ L N 
Vf 3. 8V, |g^;|±i^6. 2mW/D^#£>ft5 0 
[H«Jl 2] 

(pl7> K — 7°A ] G a Ng) 
pi^Sm^t, K — ~f<DA 1 0 0 5 G a 0 . 95 NJ1&2 0 0 O^^* 

^©LEDi^tt^WiIl MH;fr|Rjfl£JE2 OmAtJoV^, 4 7 On 
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m^fffifgftfc^U Vf 3. 4V, M^6. 5mW^e,tl5„ 
[H«jl 3] 

5 (M7) 

TMG, T^*r~T*m^Tls K— 7°^>G a N <fc U 5 PttlJi £: 2 0 0^^' 
* hn— A©JRJ£-?j*g$-e\ j£VvCffi&<S:8 OO'CKLT, ^?)(:TMG, T 
M I „ T^^ — 7\ v^^^fflV^S iSr5X10 17 /cm 3 K— ^Lfc I n 
o. 35 Ga 0 . 65 NJ; t>&5#FJi£3 o^-v^^ ro—.ktf>JBIJ¥-Cfifc£ 
10 $ b^T^ K— 7*OG a N «fc <9 & 6 P$ J£J1 £: 2 0 0^"^^^ h n — Ai, 7>F 

— -f(D I n 0 35 G a 0 . 65 Ni "9 &5#FJf £3 0 h ra — A(DJlJ|j?-C-/& 
5£«o ^LTP*li+#F+P*ii+^F • • • • +PfliO|iiT-^S$-y:> Tls 

7> K-^>&/f 58*$Eliai Lt, &%1 1®. ^ffl 3 50 

r(DLED^^-(l)II^|p]m/±2 OmAtCfcV^T, 5 0 0 n mtf>W ^felg^t^^ 
U Vf 3. 8V S m3£tiiJj5. 2mWi6S#e>tL5o 
[^Ji^J 1 4 ] 

HJ&tfiJ 1 K*SV>-C\ ffittS 7 ^JWT^i 9 fCLE D3IS-7-& 

20 fmbfco 

(SM7) 

TMG, 7^=7*fflV>7yK-7 , roG a N «t "9 &6Pti£Jl£ 2 0 O^^ 

MI, r^* — T, ->7 y ^fflt^ S i ^ 5 X 1 0 1 V c m 3 K-y U: 1 n 
25 0 . 40 Ga 0 . 60 N J; >9&5#FJf £3 O^^'* hn-i©|g)|t'^$t5, 

$ ^{-T> K-^OG a N«fc V)t£Z>m§£m& 2 0 0t>^ h n — i*£ s T>- K 
—7°^ I n 0 . 40 G a 0 B0 N«fc!>#3#F/i&3 O^V;/* hn-A<Df)|^ 

K— SWAM & 5 IB* S^lSO^S i^K-^^n, ^"9(D3«tt 
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r<DLED^fi|l|S^fRjmJE2 0mAl:*3V^ 5 3 Onm»flfei)t^^ 
Lx Vf 3. 5V, %ytttiJ3 3. 6mW^#e>ix5, 
[^Jfe^Jl 5] 

IliStfl l K*5V^C, n 39$ 2 MHR 6 «r«»Ufc BMISWU: L"C L E D* 

mmm i6i 

^ K— ^G a NI 3 <Dmm& 1 • 5 nmt Lfc«a»ttra«fc. LX L EDlf^ 

[^ifefll l 7 ] 

T> K— a Njp 3 <OWM-^l 1. 5 m m<h LfctJ^if- ttLED^Sr 
[£ffi0J 1 8 ] 

G^tSfe® 7 ) 

ij^CTMG, T>-^-T£/^T^ K-^OG a N «fc <9 &5l¥lgJg£ 2 0 0t 

TM I % T>^ — T. S^V'tf^SrJBV^S i^5X10 17 /cm 3 K— 7°b7t I 
n 0 . 3 Ga 0 . 7 NJ: 9ft5#FJi£3 O^^* hn-A<DMJ¥x?J&S£-&5o 
^ll7yK-/^G a Net DftSKfiJISr 2 0 0^->^> hn— Ai, S i & 
1 X 1 0 17 /cm 3 K— /Ifcl n 0 . 3 Ga 0 . 7 N«t «? fc5#FJl £ 3 0 

^2 0 0 3r>?^ ho— J*k, Si5:5Xl0 16 /cm 3 K — "f\^fz. I n 0 3 G 
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fts#FJii 5Jf^^a^iibT N «3 lis, Mi? 3 6 5 o*>-yx ha 

"T^t^SO-e. 3g3fc*V^-K (LED) % u-if^V^--K (LD) m<D?£ 
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if >r- <d i& m 
i . n mmtm^m^m t p mmtm^mi^m t a>WK\ &^pm t mmm t 

j = i / 6 + 2 (fILi ^4, j tt/jN»^iWTS:«1 0 TWc^ife) 

is P {- «(H9 w WEffie 36 s n m^rnm &-a *. m^m&m 3 tsm 

^fnm^^ -Lie p ^^b^^^SJ-^i-siwiwPSM&ut/xfift^F 

7. ±IEStt^<^S^#F^^InxGal-xN({EL, 0 < x < 1 ) K> „ 
(iS7fet 0 — ^^4 7 0-5 3 Onnu L< (14 9 0~5 1 0 nmKfcSUNt 

8. ±fBnM^FM^iiS i N Ge, S n 0>tf»(D^fc < £ t> 1 ffiT'foSW*^ 1 
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1 2. ±ia^S^^*tt5 nM^^^-atP®<75n^^«^ 5 X 1 

o 1 6 ~ 2 x i o 1 8 /cm 3 -efe5lt>R-^ i iat©l{kft¥iM^ 

1 3. .hlE^ttgcDl^lig^^S^Sn^lifi^W^^s X 1 0 16 ~2X 

1 o i8 /cn. 3 t-fc5 1 2mm<vmkw>)¥mfcm* 0 

10 14. JnfS^ttJl^a^F/l^J^;!:^ nM^^^M^5 X 1 O 16 ~ 

2 X 1 0 18 /cm 3 -efeS 1 2t£*<D^tt¥^#m j F-o 

1 5. ±mi%&M<Dmmmn>^&n&nm^mv>)<DWki£&5 x 1 o i6 ~2x 

1 O 18 /cm 3 -I?fc5-^ fi^Fa^{--a^tt5n^M^^^^5 X 1 0 

1 6 . JifE&ttJg^M^'-^frS nM^M#3Wjft^ 5 X 1 0 1 c ~ 2 X 
1 0 18 /cm 3 X*tbZ>-J}. ftT-^FW^^-a^tLS riMft©!*^ 5 5 X 1 0 

9 fE^^^W* 
20 17. _Li2?St£® f <£>±fS n «fe»|Hif5l» n M^^^tfi^ 

v mmm xf**T-#FS «t «9 hupped* £ v n r t <t -r s s lanm <r> tmm 2 
1 8. ±ts?ittt;i^cD±fanMi£{fc^*M 

1 9 . n mmtvo^mfom t p £ <Dmi- s m?#nm t \mmm 
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±SEffit£Ji© S^#FJgtfnnxGal-xN({&U 0 < x < 1 ) frb ft "9 , ^rCD^ft 
^$£Sri*4 5 o~5 4 0nmfCfe53§3fcJ{t J F-"efco-C> 

m-tZMfribmX-X 3il^T^^S i x Ge, S n SI$tf>e>3W:;ft3 n 

1 0 16 ~2X 1 0 18 /cm 3 ^^tL6r t^#m<ti-5^«^ 0 

2 o . jtisstsfes * w±ie n mmkto*mt*m \z.&t * wo n a****^** i* 

2 l . ±IH©t4Ji * W-tlB n 3^te!&¥^f*:JI l^-f 5 tfUJO n S^tttta^tfl* 

2 2. _hfSnM^MW5si-r*fc5f«*3Sl 91B*©¥3H**-T-. 

2 3. ±fE«ttJS<Z>*^#F®a«InxGal-xN«&U 0 < x < 1 ) 9 , 

i§3fet°-^«^4 9o~5 1 onmommzhzm&mi 9%sM(D&fcVffiytm 

2 4. ±IEi&ttgtf>l*itJia s InyGal-yN({& U 0 ^ y < 1 X\ y<x)ri>b&5 
fi^rl 2 3 fEtt*)*^*^,, 

2 5. ±IE?£t£Jl^InxGal-xN({.B U 0 < x < 1 )/lnyGal-yNGffiU 0^y< 
1X\ y<x)«#li^Pld>5 ) /^, nS£JM±fc^&3;IXT^ai(hfc 
Jjt 1 9 f2*o^3§ft*T-o 

2 6 . ±m^mm^nm^fm^ k— ^L&i^inzGai-zNttau o < z < 1 )/ 

GaN|S@ X JiAl wGa 1 - wN/GaN ({& L > 0 < w < 1 ) ^?>*5^'>7 7 IgftH^ 

£ UT«$n-C^SIS^2 5 SE«t<Z>585t5(S^o 

2 7. Jifa^s/7T^*&^WGaNJlWJ¥^/5S7 0 A^TT\ _hfBf&ttJi 

(OW-W7 0Ay±T'fc5!fM2 6 laJffi^Jt^o 

2 8. ±IB#SJBIj5Sn^M#JS:^s ilEiSteJi©*^™ <fc 9 K*¥ir 
yyi^;!'^- JO^tV^InzGal-zNM&U 0 < z < 1 ~C\ z < y ) SXJiAlwGal- 
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wNM&U 0<w< DmtGaumkoftMfrbte&fy-y KJgfc VXJ&f&ZtlX 

fStt®OfllS , t , ^*tL5Si*^S5 X 1 0 16 ~2 X 1 0 18 /cm 3 T?fco-C, n 
5 12 ^ 7 s> K^^^t^a *n5Si«fle*s 5 X 1 0 1 7 /cm z U±.X\ ±IS?SH4@ 
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